APPARATUS FOR CONTROLLING BRUSHLESS MOTOR 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an apparatus 
for controlling a salient -pole DC brushless motor by con- 
trolling armature currents of the motor based on a rotor 
angle thereof which is detected without using a position 
detection sensor. 
Description of the Related Art: 

For energizing a DC brushless motor to produce 
a desired torque, it is necessary to apply voltages to 
the armatures in suitable phases corresponding to the 
electric angle of the rotor (hereinafter referred to as 
"rotor angle") which has magnetic poles. There have been 
proposed various processes of detecting a rotor angle 
without using a position detection sensor in order to re- 
duce the cost of the DC brushless motor and a motor con- 
trol apparatus therefor by way of dispensing with any po- 
sition detection sensor for detecting the rotor angle. 

The inventors of the present application have 
proposed a rotor angle detector for detecting a rotor an- 
gle of a DC brushless motor without using a position de- 
tection sensor in an earlier patent application (Japanese 
patent laid-open publication No. 2002-320398). The dis- 
closed rotor angle detector operates as follows: When 
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high-frequency voltages are added to drive voltages that 
are applied to three-phase armatures of a salient -pole DC 
brushless motor, the rotor angle detector uses a detected 
value of a current flowing through the first -phase arma- 
ture, a detected value of a current flowing through the 
second-phase armature, and high-frequency components de- 
pending on the high-frequency voltages to calculate a 
sine reference value depending on the sine value of a 
twofold angle which is twice the rotor angle of the DC 
brushless motor and a cosine reference value depending on 
the cosine value of the twofold angle. Then, the rotor 
angle detector calculates the rotor angle of the DC 
brushless motor using the sine reference value and the 
cosine reference value which have been calculated. 

A motor control apparatus for controlling the 
DC brushless motor performs a feedback control process on 
currents flowing through the armatures of the DC brush- 
less motor to determine drive voltages to be applied to 
the armatures so that detected values of the armature 
currents (hereinafter referred to as "detected armature 
currents") will be equalized to predetermined command 
currents. Because the high-frequency voltages are added 
to the drive voltages, high-frequency components are 
added to the detected armature currents. 

The motor control apparatus has low-pass fil- 
ters to remove such high-frequency components from the 
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detected armature currents. However, if the high- 
frequency components are not sufficiently removed from 
the detected armature currents, then the differences be- 
tween the detected armature currents and the command cur- 
rents increase due to the high-frequency components added 
to the detected armature currents, tending to lower the 
ability of the DC brushless motor to cause its output 
torque to follow the command currents in the feedback 
control process. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present in- 
vention to provide an apparatus for controlling a DC 
brushless motor to reduce adverse effects which armature 
currents have on a feedback control process when high- 
frequency voltages for detecting a rotor angle are added 
to drive voltages of the DC brushless motor. 

According to the present invention, there is 
provided an apparatus for controlling a salient -pole DC 
brushless motor having armatures in three phases, com- 
prising voltage applying means for applying drive volt- 
ages to the armatures, high-frequency adding means for 
adding high-frequency voltages to the drive voltages, 
first current detecting means for detecting a current 
flowing through an armature in a first phase of the arma- 
tures in the three phases, second current detecting means 
for detecting a current flowing through an armature in a 
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second phase of the armatures in the three phases, refer- 
ence value extracting means for extracting a sine refer- 
ence value depending on the sine value of a twofold angle 
which is twice a rotor angle of the motor and a cosine 
reference value depending on the cosine value of the two- 
fold angle, using a first current value detected by the 
first current detecting means and a second current value 
detected by the second current detecting means when the 
high-frequency voltages are added to the drive voltages 
by the high-frequency adding means, and high-frequency 
components depending on the high-frequency voltages, ro- 
tor angle calculating means for calculating a rotor angle 
of the motor using the sine reference value and the co- 
sine reference value, three-phase/dq converting means for 
handling the motor as an equivalent circuit having a q- 
axis armature disposed on an q-axis in the direction of 
magnetic fluxes from a rotor of the motor and a d-axis 
armature disposed on a d-axis which is perpendicular to 
the q-axis, and calculating a detected q-axis current 
flowing through the q-axis armature and a detected d-axis 
current flowing through the d-axis armature based on the 
rotor angle of the motor which is calculated by the rotor 
angle calculating means, the first current value, and the 
second current value, and current control means for de- 
termining the drive voltages so that a q-axis reference 
current produced by passing the detected q-axis current 
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through a low-pass filter and a d-axis reference current 
produced by passing the detected d-axis current through a 
low-pass filter will be equalized to a predetermined q- 
axis command current and a predetermined d-axis command 
current , respectively . 

According to the present invention, the high- 
frequency voltages are set so that the direction of a re- 
volving magnetic field generated when the high-frequency 
voltages are applied to the armatures of the motor and 
the direction in which the motor is rotated by the drive 
voltages are opposite to each other. 

With the above arrangement, as described in 
detail later on, since the high-frequency voltages are 
set so that the direction of a revolving magnetic field 
generated when the high-frequency voltages are applied to 
the armatures of the motor and the direction in which the 
motor is rotated by the drive voltages are opposite to 
each other, the frequencies of high-frequency currents 
added to the detected q-axis current and the detected d- 
axis current which are calculated by the three-phase/dq 
converting means are higher than if the high-frequency 
voltages are set so that the direction of a revolving 
magnetic field generated when the high-frequency voltages 
are applied to the armatures of the motor and the direc- 
tion in which the motor is rotated by the drive voltages 
are the same as each other. 
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Consequently, the ability of the low-pass fil- 
ters to attenuate the high-frequency currents added to 
the detected q-axis current and the detected d-axis cur- 
rent is increased, reducing the difference between the q- 
axis reference current and the q-axis command current and 
the difference between the d-axis reference current and 
the d-axis command current due to the high-frequency cur- 
rents. Therefore, the ability of the motor to cause its 
output torque to follow the d-axis command current and 
the q-axis command current is increased. 

According to the present invention, further- 
more, the reference value extracting means comprises 
means for extracting the sine reference value and the co- 
sine reference value respectively according to the fol- 
lowing equations (1), (2) 



Vs = J* q " jcos26trtcos (cot + ~- 7r ) * lu - cos2artcos<wt • Iwjdt 



•••(1) 



Vc= ~J^ l} js in 2cot co s(cot +^)-Iu - sin2^tcos&>t -Iwjdt • . • • (2) 



where Vs: the sine reference value, Vc: the cosine refer- 
ence value, Iu: the first current value, Iw: the second 
current value, and o>: the angular velocity of the high- 
frequency voltages . 
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The reference value extracting means can ex- 
tract the sine reference value (Vs) and the cosine refer- 
ence value (Vc) from the first current value (Iu), the 
second current value (Iw) # and the angular velocity (co) 
of the high-frequency voltages according to the above 
equations (1), (2), The rotor angle calculating means 
can then calculate a rotor angle of the motor using the 
sine reference value (Vs) and the cosine reference value 
(Vc) thus calculated. 

The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate a pre- 
ferred embodiment of the present invention by way of ex- 
ample. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of a DC brush- 
less motor to be controlled by a brushless motor control 
apparatus according to the present invention; and 

FIG. 2 is a block diagram of a motor control- 
ler as the brushless motor control apparatus according to 
the present invention for controlling the DC brushless 
motor shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
As shown in FIG. 2, a motor controller 10, 
which serves as an apparatus for controlling a DC brush- 
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less motor according to the present invention), controls 
currents flowing through armatures 3, 4, 5 of a salient - 
pole DC brushless motor 1 shown in FIG. 1 according to a 
feedback control process. The motor controller 10 han- 
dles an equivalent circuit that is converted from the DC 
brushless motor 1 (hereinafter referred to as "motor 1" ), 
the equivalent circuit being of a dq coordinate system 
having a q-axis armature disposed on an q-axis which is 
the same as the direction of magnetic fluxes from the 
field magnetic poles of a rotor 2 and a d-axis armature 
disposed on a d-axis which is perpendicular to the q- 
axis. 

The motor controller 10 controls the voltages 
applied to the three-phase armatures of the motor 1 so 
that a d-axis command current Id_c supplied from an ex- 
ternal source as a command value for a current flowing 
through the d-axis armature (hereinafter referred to as 
"d-axis current") and a q-axis command current Iq_c sup- 
plied from the external source as a command value for a 
current flowing through the q-axis armature (hereinafter 
referred to as "q-axis current") will be equalized re- 
spectively to a detected d-axis current Ids and a de- 
tected q-axis current Iq_s which are calculated from de- 
tected values of currents actually flowing through the 
respective three-phase armatures of the motor 1 by a 
three-phase/dq conversion process. 
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The motor controller 10 comprises a dq/ 3 -phase 
converter 20 for converting a command value Vd_c for a 
voltage applied to the d-axis armature (hereinafter re- 
ferred to as "d-axis voltage") and a command value Vq_c 
for a voltage applied to the q-axis armature (hereinafter 
referred to as "q-axis voltage") into command values 
VU_c, W_c, VWc for drive voltages applied respectively 
to the armatures in three phases U, V, W of the motor 1, 
a high-frequency adding unit 21 (corresponding to a high- 
frequency adding means according to the present inven- 
tion) for adding high-frequency voltages vu, w # vw re- 
spectively to the output voltages VU_c, W_c, VW_c from 
the dq/3-phase converter 20, and a power drive unit 22 
(corresponding to a voltage applying means according to 
the present invention) for applying voltages VU, W, VW 
depending on the voltages VUc, W_c, VW c to which the 
high-frequency voltages vu, w, vw have been added, re- 
spectively to the armatures in the three phases U, V, W 
of the motor 1 . 

The motor controller 10 also comprises a U- 
phase current sensor 23 (corresponding to a first current 
detecting means according to the present invention) for 
detecting a current flowing through the armature in a U- 
phase (corresponding to a first phase according to the 
present invention) of the motor 1, a W-phase current sen- 
sor 24 (corresponding to a second current detecting means 
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according to the present invention) for detecting a cur- 
rent flowing through the armature in a W-phase (corre- 
sponding to a second phase according to the present in- 
vention) of the motor 1, an angle detector 25 for detect- 
ing a rotor angle 0 (see FIG. 1) of the motor 1 using a 
current value Ius detected by the U-phase current sensor 
23 and a current value Iw_s detected by the W-phase cur- 
rent sensor 24, a three-phase/dq converter 26 (corre- 
sponding to a three-phase/dq converting means according 
to the present invention) for calculating the detected d- 
axis current Id_s and the detected q-axis current Iq_s us- 
ing the current value Iu__s and the current value Iw_s, and 
a noninterference processor 27 for canceling the effects 
of velocity electromotive forces that interfere with each 
other between the d-axis and the q-axis. 

The motor controller 10 also has a first sub- 
tractor 28 , a first PI processor 29 , a first adder 30, a 
second subtractor 31, a second PI processor 32, and a 
second adder 33. 

The first subtractor 28 subtracts a d-axis 
reference current Id_r, which is produced by removing a 
high-frequency component higher than a predetermined fre- 
quency from the detected d-axis current Id_s with a first 
low-pass filter 40, from the d-axis command current Idc. 
The first PI processor 29 performs a PI (Proportional 
plus Integral) process on the difference produced by the 
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first subtractor 28. The first adder 30 adds a noninter- 
ference component to an output signal from the first PI 
processor 29, thus generating the command value Vd_c for 
the d-axis voltage depending on the difference between 
the d-axis command current Id_c and the d-axis reference 
current Id_r. 

Similarly, the second subtractor 31 subtracts 
a q-axis reference current Iq_r, which is produced by re- 
moving a high-frequency component higher than a predeter- 
mined frequency from the detected q-axis current Iq_s 
with second first low-pass filter 41, from the q-axis 
command current Iq_c. The second PI processor 32 per- 
forms a PI process on the difference produced by the sec- 
ond subtractor 31. The second adder 33 adds a noninter- 
ference component to an output signal from the second PI 
processor 32, thus generating the command value Vq_c for 
the q-axis voltage depending on the difference between 
the q-axis command current Iq__c and the q-axis reference 
current Iq_r. 

The command value Vd_c for the d-axis voltage 
and the command value Vq_c for the q-axis voltage are 
supplied to the dq/ 3 -phase converter 20. In this manner, 
the power drive unit 22 applies the three-phase voltages 
VU, W, VW to the respective armatures of the motor 1 in 
order to eliminate the difference between the d-axis com- 
mand current Id c and the d-axis reference current Id r 
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and the difference between the q-axis command current 
Iq_c and the q-axis reference current Iq_r, for thereby 
feedback-controlling the currents flowing through the ar- 
matures of the motor 1. 

The first subtractor 28, the second subtractor 

31, the first PI processor 29, the second PI processor 

32, the dq/ three -phase converter 20, and the power drive 
unit 22 jointly make up a current control means according 
to the present invention. 

In order for the three-phase/dq converter 26 
to calculate the detected d- axis current Ids and the de- 
tected q-axis current Iq_s from the current value Iu_s de- 
tected by the U-phase current sensor 23, the current 
value Iw_s detected by the W-phase current sensor 24, and 
the rotor angle 0 of the motor 1 according to the equa- 
tions (3), (4) shown below, the motor controller 10 needs 
to detect the rotor angle 8. 

id = V2|lu-sin(<9 + ~^)- Iwsinfl 
iq = Vijlu • cos (6 + -jt) - Iw • cos# 



•••(3) 
• • ' (4) 



The motor controller 10 detects the rotor an- 
gle 6 by adding the high-frequency voltages vu, w, vw 
(expressed by the equation (5) shown below) output from 
the high-frequency adding unit 21 respectively to the 
command values VU_c, W_c, VW_c for drive voltages applied 
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respectively to the U f V, W phases, which command values 
VU_c, W_c, VW__c are output from the dq/3-phase converter 
20 without using a position detection sensor such as a 
resolver or the like. 



vu 
vv 
vw 



-co 



sin^t 



sin(^t--^r) 
sin(^t-j^) 



(5) 



Specifically, a third adder 34 adds the high- 
frequency voltage vu to the command value VU_c, a fourth 
adder 35 adds the high-frequency voltage w to the com- 
mand value W_c, and a fifth adder 36 adds the high- 
frequency voltage vw to the command value VW_c. The an- 
gle detector 25 detects the rotor angle 0 using the cur- 
rent value Iu_s which is detected by the U-phase current 
sensor 23 and the current value Iw_s which is detected by 
the W-phase current sensor 23 when the high-frequency 
voltages vu, w, vw are added. The angle detector 25 
performs the functions of a reference value extracting 
means and a rotor angle calculating means according to 
the present invention. 

The angle detector 25 puts the current value 
Iu_s detected by the U-phase current sensor 23 and the 
current value Iw_s detected by the W-phase current sensor 
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puts an angular velocity co of the high-frequency voltages 
vu, w, vw in the equation (5) added by the high- 
frequency adding unit 21 into co in the equations (3), 
(4), and calculates a sine reference value Vs and a co- 
sine reference value Vc which are twice the rotor angle 0 
according to the following equations (6), (7): 

Vs =J^|cos2<utcos(<yt + ^jr) Iu - cos2cotcos£ut-Iw jdt 
3V3A/ r - 



= -K- 



2 

2jr 



-J*" cos2otsin ( 2cot - 26) dt 



— r 2 l 

+ f " cos2(«t , cos(ft)t +-^) Iudc- cos2<yt -coscot -Iwdc dt 
Jo [ 3 J 

,. 3V3A/ r — fsin4a>t n l + cos4o>t 1 

= -K f w cos2<9- sin20 dt 

2 |_ 2 2 J 

s[ cos(3a*+|*) + coB(a»t-fo cos3a* + coso>t 1 

+ \ a> I * J — Iudc- Iwdcldt 

Jo ,. 2 2 

2*: 3V5a/ 

= — K sin20 •••(6) 

co 4 
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Vc=J^" |cps2<ytcos(<yt +^tt) Iu - sin2*ytcos<wtIw jdt 
3V3A/ / 

= K r"sin2<ytsin(2a>t- 20) at 

2 Jo 

r~\ 2 1 

+ \ m sin2fyt cos(<wt + — x) Iudc- sin2a>t cosa>t Iwdc dt 
Jo [ 3 j 



3V3A/ .-[l-cos^t „ sin4<yt J 

= K f- cos20-- sin20 dt 

2 J* [ 2 2 J 

r ^ [ sin(3oat + yr) + sin(«>t-|*r) s in3a>t + sina>t ] 

+ C" I - j2 * — Iudc- Iwdcldt 

Jo 2 21 



J 



2jt 3V3A/ ^ , x 

— K cos20 '(7) 

co 4 



where Iudc: a DC component of the current flowing through 
the U-phase armature, and Iwdc: a DC component of the 
current flowing through the W-phase armature. 

Sine and cosine components with respect to cot 
in the equations (6), (7) correspond to the high- 
frequency components depending on the added high- 
frequency voltages according to the present invention. A 
calculation gain K in the equations (6), (7) is expressed 
by the following equation (8): 



K= n 2~\ **' (8) 

2(/-m)/- A/ 2 - +3cos-^r 
\2 3 / 



where 1: a DC component of the self -inductance of each of 
the phases of the motor 1, Al: a change in the DC compo- 
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nent 1 # and m: a DC component of the mutual inductance 
between the phases of the motor 1 . 

In the equations (6), (7), an integration pe- 
riod is set to 0 - 2jt/co to equalize integrated values 
with respect to the DC components Iudc, Iwdc of the cur- 
rents Iu, Iw to 0. However, if the currents Iu, Iw do 
not include DC components and are expressed by the equa- 
tions (9), (10) shown below, then the sine reference 
value Vs and the cosine reference value Vc can be calcu- 
lated even with an integration period being set to 0 - 
it/to, according to the following equations (11), (12): 



r 3A/ 1 

lu =K^-(/- mjcoswt- — cos(20-<yt)j • • • (9) 



lw = K 



/ 2 \ 3A/ / 2 \1 

- (J-m)cos^ot +-Jt J -—^-cosy26- cot + -Jtj • • • ( 10) 



Vs = J^|cos2a>tcos (cot + ^jt) • Iu - cos2cotcoscot - Iwjdt 
3V3A/ J L 

= -K— f"cos2<ytsin(2ct;t- 26) dt 

2 J° 

3V3A/ r - 

= -K I "cos2<vt (sin2a?tcos20- cos2</>tsin20)dt 

2 Jo - 

3ViA/ ^[sin^t „ l + cos4a>t . 1_ 

= -K — f" cos20- sin20 dt 

2 J° [ 2 2 J 

3^3A/ „ 

= K sin20 •(11) 
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- f 2 1 

Vc= - j* . sin2ft>tcos(<wt+— ji) • Iu-sin2tytcos<ut • Iw Idt 

3^A/ / . 



=K 



=K 



=K 



2 

3>/3A/ / 



■ jj» sin2ftrtsin(2ft>t-20)dt 



2 



3>/3A/ 



2 



Jj" sin2 co t(sin2<y tcos2 0 -cos2 g> tsin2 (9)dt 

J? 



l-cos4twt sin4<yt . 



cos20 sin20 



dt 



=K^-cos20 -(12) 



The rotor angle 0 of the motor 1 can be calcu- 
lated according to the following equation (13) based on 
the equations (6), (7) or the equations (11), (12): 



„ 1 -i Vs 

8 = -tan — • • • (13) 

2 Vc 



The tan" 1 function changes largely as the sine 
reference value Vs and the cosine reference value Vc 
change. Therefore, when the rotor angle 0 of the motor 1 
is calculated according to the equation (13) , an error in 
detecting the rotor angle 0 may possibly become large due 
to an error caused in calculating the sine reference 
value Vs and the cosine reference value Vc. 

To avoid the above error, based on the equa- 
tion (14) shown below, A0 expressed by the equation (15) 
shown below may be calculated as phase difference data 
depending on the phase difference (0-0*) between an es- 
timated value 0* of the rotor angle and an actual value 0 
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of the rotor angle, and the rotor angle may be calculated 
according to a follow-up calculation process effected by 
an observer represented by the equation (16) shown below 
which is constructed to eliminate the phase difference (6 
- 6~). 

In this case, changes in the gain due to 
changes in the magnitude (V (Vs 2 + Vc 2 ) of the high- 
frequency components can be suppressed for increased sta- 
bility in calculating the rotor angle. 

Vs-cos20- Vc- sin20 = Vvs 2 + Vc 2 sin ( 26 - 20) 

«Vvs* + Vc 2 -2(6-0) (if (0- 0)«O) 



••(14) 



A0=2(0-0)«sin(20-20) 



Vs-cos20 - Vc-sin20 

1 "-(15) 

VVs 2 + Vc 2 



Ifln + uW 1 At H"fl(n)1 jKl] 2 (fl(n)-fln)) 
[<3(n+l)J [o 1 J[^(n)J + [K2j Vvs 2 + Vc 2 



(16) 



where 8(n), 0~(n), oT(n) represent actual and estimated 
values of the rotor angle 6 and an estimated value of the 
angular velocity co of the rotor 2, respectively, at a 
certain sampling time n, 0~(n+l), aT(n+l) represent an 
estimated value of the rotor angle 6 and an estimated 
value of the angular velocity co of the rotor 2, respec- 
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tively, at a next sampling time n+1. At represents a sam- 
pling period, and Kl, K2 represent calculation gains. 

If the angle detector 25 has its calculation 
ability so poor that it poses a problem on the time re- 
quired to calculate the square root in the equation (15), 
then the equation (15) may be approximated by the follow- 
ing equation (17): 



AO = 2 (6 - d) « sin ( 26 - 26) 

Vscos20- Vcsin20 



(|vs|>|vc|) 



|Vs| 

I q - —(17) 

Vscos20- Vc-sin20 . ■ , ■ 

H -<N>N) 



In the present embodiment, the angle detector 
25 integrates the high-frequency components that change 
with time according to the equations (6), (7), thereby 
calculating the sine reference value Vs and the cosine 
reference value Vc which are twice the rotor angle 6. 
Alternatively, the angle detector 25 may output the sine 
reference value Vs and the cosine reference value Vc 
through a low-pass filter. 

The three-phase/dq converter 26 carries out 
the three-phase/dq conversion process according to the 
following equation (18) based on the fact that the sum of 
the currents flowing through the respective armatures 3, 
4, 5 of the motor 1 is nil: 
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Id 
Iq 



f sin\d+-}cosd } 



2Vi 1 f 6j" 



cosf<9+-]- sintf 
L 6 J 



Iu 
Iw 



• • • (18) 



When the high-frequency adding unit 21 adds 
the high-frequency voltages vu, w, vw respectively to 
the command values VU_c, W_c, VW_c for drive voltages ap- 
plied respectively to the phases U, V, W of the motor 1 
respectively through the third adder 34 , the fifth adder 
35, and the sixth adder 36, the detected d-axis current 
Id_s and the detected q-axis current Iq_s which are calcu- 
lated by the three-phase/dq converter 26 include high- 
frequency currents Id_h, Iq_h expressed by the following 
equation (19): 



fld_h 
[lq_h 



2V3 



r r *i „ 1 

sin \cot + — cos0 rT . , 

l 6 j ir iu - h i 

f . jtI Iu_h| 
cos \cot +— -sin0 1 J 

L 6 J 



^ T sinjart+^jcostf |c sin(wst + a) ] 

f jtI „ sin(a>st +a +— n) 
cos &>t + — - sin# 3 

L ej J L 

V3 rVicos((GJS - co) t + a)] 
3 [V3sin((£t>s-<o)t + a)\ 

cos({cos- co) t +a)l 
sin((ws - co) t + a)J 



(19) 
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where co: the angular velocity of the rotor 2, cos: the an- 
gular velocity of the high-frequency voltages, and a: the 
lag in phase of the high-frequency currents with respect 
to the high-frequency voltages. 

Depending on whether the direction in which 
the rotor 2 is rotated (which is reversed depending on 
the sign of the angular velocity co) and the direction of 
the revolving magnetic field (which is reversed depending 
on the sign of the angular velocity cos) generated by the 
high-frequency voltages vu, w, vw are different from or 
the same as each other, the frequencies of the high- 
frequency currents Id h, IqL_h vary as indicated by the 
following equations (20), (21): 

| cos - co | = | cos | - | co | •••(20) 
In this case, the direction in which the rotor 
2 rotates and the direction of the revolving magnetic 
field generated by the high-frequency voltages vu, w, vw 
are the same as each other (when the angular velocities 
co, cos have the same sign) . 

| (OS - 00 | = I (DS I + I co I •••(21) 
In this case, the direction in which the rotor 
2 rotates and the direction of the revolving magnetic 
field generated by the high-frequency voltages vu, w, vw 
are different from each other (when the angular veloci- 
ties co, cos have different signs). 
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Specifically, the frequencies of the high- 
frequency currents Idh, Iq_Ji are higher if the direction 
in which the rotor 2 rotates and the direction of the re- 
volving magnetic field generated by the high-frequency 
voltages vu, w, vw are the same as each other (when the 
angular velocities a>, cos have the same sign) than if the 
direction in which the rotor 2 rotates and the direction 
of the revolving magnetic field generated by the high- 
frequency voltages vu, w # vw are different from each 
other (when the angular velocities co, cos have different 
signs ) . 

The high-frequency adding unit 21 outputs the 
high-frequency voltages vu, w, vw to generate a revolv- 
ing magnetic field in the direction opposite to the di- 
rection of rotation of the motor 1. In this manner, the 
high-frequency current Idh added to the detected d-axis 
current Id s and the high-frequency current Iq_h added to 
the detected q-axis current Iq_s by adding the high- 
frequency voltages vu, w, vw are reliably removed by the 
first low-pass filter 40 and the second low-pass filter 
41. 

The d-axis reference current Id_r produced by 
removing the high-frequency current Idh from the de- 
tected d-axis current Id_s is input to the first subtrac- 
tor 28, and the q-axis reference current Iq_r produced by 
removing the high-frequency current Iq_h from the de- 
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tected q-axis current Iq_s is input to the second sub- 
tractor 31 • 

Therefore, the difference between the d-axis 
current and the d-axis command current Id_c and the dif- 
ference between the q-axis current and the q-axis command 
current Iq_c are prevented from increasing due to the 
high-frequency currents Id_h, Iq_h. Thus, the ability of 
the motor 1 to cause its output torque to follow the d- 
axis command current Id_c and the q-axis command current 
IqLC is increased. 

If the removal of the high-frequency component 
from the detected d-axis current Id_s with the first low- 
pass filter 40 and the removal of the high-frequency com- 
ponent from the detected q-axis current Iq_s with the 
second low-pass filter 41 are insufficient, then the com- 
mand value Vd_c for the d-axis voltage and the command 
value Vq_c for the q-axis voltage are determined in order 
to eliminate the current differences due to the high- 
frequency components. 

As a result, drive voltages VU, W, VW includ- 
ing high-frequency voltages for canceling out the high- 
frequency components are applied to the armatures 3, 4, 5 
of the motor 1 through the dq/ 3 -phase converter 20 and 
the power drive unit 22, making the high-frequency compo- 
nents included in the drive voltages VU, W, VW different 
in waveform and phase from the high-frequency components 
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due to the high-frequency voltages vu, w, vw added by 
the high-frequency adding unit 21. 

In this case, since the sine reference value 
Vs and the cosine reference value Vc which are calculated 
by the angle detector 25 according to the equations (1) , 
(2) differ from the values with respect to the intrinsic 
high-frequency voltages according to the equation (5), 
the rotor angle calculated according to the equation (13) 
suffers a large error. 

According to the present invention, the high- 
frequency adding unit 21 outputs the high-frequency volt- 
ages vu f w, vw to generate a revolving magnetic field in 
the direction opposite to the direction of rotation of 
the motor 1 for thereby increasing the frequencies of the 
high-frequency current Id_h added to the detected d-axis 
current Ids and the high-frequency current Iq_h added to 
the detected q-axis current Iq_s. The first low-pass 
filter 40 and the second low-pass filter 41 now have an 
increased ability to attenuate the high-frequency current 
Idh and the high-frequency current IqL_h, thus reducing 
the error in detecting the rotor angle 0. 

Although a certain preferred embodiment of the 
present invention has been shown and described in detail, 
it should be understood that various changes and modifi- 
cations may be made therein without departing from the 
scope of the appended claims. 
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